The Basel Committee regulations require the estimation of Value-at-Risk at 99% confidence level for a 10-trading-day-ahead forecasting horizon. The paper provides a multivariate modelling framework for multi-period VaR estimates for leptokurtic and asymmetrically distributed real-estate portfolio returns. The purpose of the paper is to estimate accurate 10-day-ahead 99% VaR forecasts for real estate markets along with stock markets for seven countries across the world (USA, UK, GERMANY, JAPAN, AUSTRALIA, HONG KONG and SINGAPORE) following the Basel Committee requirements for financial regulation.
Introduction
Value-at-Risk (VaR) models calculate the maximum loss for a portfolio of financial instruments at a pre-specified time and level of confidence. VaR exhibits the attractive property of summarizing market risks in one single number. VaR at a given probability level   
Risk managers, investors and financial institutions need a dynamic VaR forecast
that will take into account properties such as volatility clustering, leverage effect 1 , asymmetric and leptokurtic (both conditional and unconditional) distribution of logreturns. Accurate dynamic forecasts of VaR thresholds could lead to successful decisions for controlling market risks.
Literature has been trying to find which method provides more accurate VaR forecasts. Bauwens et al. (2006) , Brooks and Persand (2003) and Kuester et al. (2006) , among others, propose the use of univariate conditional volatility models for VaR computation as there are no gains in forecasting accuracy when using multivariate models. Christoffersen (2009) argues that univariate models are more appropriate if the purpose is VaR computation, whereas multivariate models are more suitable for risk management (i.e. portfolio selection). Also, Cheong (2011), estimates multivariate volatility models for quantifying the cross-market risk and hedging among the energy markets, and Santos et al. (2009) conduct a comparative analysis of the predictive performance for one-step-ahead VaR obtained with both Monte Carlo simulations and with real market data and provided evidence that the multivariate ARCH models outperformed competing univariate models. Santos ' et al. (2009) results, based on the backtesting analysis established by the Basel II Accord, indicate that multivariate models delivered lower levels of daily capital requirements in comparison to univariate models.
1 Changes in returns tend to be negatively correlated with changes in volatility.
McAleer and da Veiga (2008a) state that multivariate ARCH models provide superior
VaR forecasts than their nested univariate counterparts as they model the relationship between subsets of the portfolio and allow for scenario and sensitivity analyses.
The importance of real estate securities for investors and economists has grown remarkably during the last decade since they overcome many of the drawbacks related to direct real estate investment, such as high unit value, transactions costs and illiquidity of properties 2 . Since the prices of real estate securities are exposed not only to the performance of the direct real estate market but also to the volatility of the stock markets, there is an extensive research interest in the relationship between securitized real estate and stock markets (He et al., 2008) . Clayton and MacKinnon (2003) Yang et al. (2012) and Liow and Ibrahim (2010) , among others, have examined the relationship between stock and securitized real estate markets. Clayton and MacKinnon (2003) showed that "the REIT market went from being driven largely by the same economic factors that drive large cap stocks through the 1970s and 1980s to being more strongly related to both small cap stock and real estate-related factors in the 1990s", whereas Yang et al. (2012) estimated a DCC ARCH model to S&P500, US corporate bonds, and their real estate counterparts, REITs and CMBS, and provided evidence for asymmetric volatilities and correlations in CMBS and REITs. Liow and Ibrahim (2010) indicate that there are significant volatility co-movements between the international securitized real estate and stock markets either in the long-run or in the short-run. However, the long-run volatility relationships are stronger.
The Basel regulations (2006, 2009) Furthermore, this paper is the first approach which models the volatility and VaR estimates simultaneously for real estate and stock markets from USA, Europe and AsiaPacific over a period of more than 20 years. Secondly, we provide evidence that there is a statistically significant relationship between the magnitude of 10-day-ahead 99%VaR and the level of dynamic correlation for real estate and stock market indices.
This paper provides an efficient approach to forecasting market risk. An underestimation of market risk may impact on the profitability of banks firstly directly through higher capital charges, secondly, through damage of banks and of other participants in financial markets reputation, and thirdly, through the imposition of a more stringent external model to forecast the VaR thresholds (see McAleer and da Veiga, 2008a) . On the other hand, an overestimation of market risk may force banks to keep too much of regulatory capital leading to a cost on profits. Moreover, an accurate estimation of 10-day-ahead VaR is crucial when there are liquidity crises where investors might be unable to liquidate their wealth for a 10-trading-day period. Furthermore, the paper gives evidence on local dynamic correlations between the securitized real estate markets and stock markets for seven countries across the world. The results are significant, on the grounds of an international investor or a portfolio manager, since real estate securitized assets usually contribute to portfolio diversification (see Liow and Ibrahim, 2010) . This could urge an investor or a risk manager, who wants to forecast market risk across the above markets, to take into account not only the lagged VaR estimations within a market but also the effects from one market to another.
The rest of the paper is structured as follows: Section 2 provides a brief literature review; Section 3 offers the background on the empirical data; Section 4 outlines the methodology used in this study and presents the technique of estimating the 10-day-ahead 99%VaR; Section 5 analyses the empirical results; Section 6 concludes the paper and refers to some important implications. basis when synchronously priced data are utilized. Moreover, significant asymmetric effects were found on both volatility and correlation dynamics between the markets and, more specifically, it was evident that daily foreign news from the US can influence UK volatility. Hoesli and Reka (2011) investigate the relationships between securitized real estate and stock markets in a national level, as well as between local and global securitized real estate markets. They use data for the period 1990-2010 from the US, the UK and the Australia markets. Based on an asymmetric t-BEKK model, they find that the strongest volatility spillovers between securitized real estate and stock markets exist in the US. They argue that the three national markets influence more the volatility of global market than vice versa. Additionally, using the copula theory and a structural break test, they found financial contagion between the US and the UK securitized real estate markets since the beginning of 2007.
Literature Review

Data Description
We use seven ( According to FTSE EPRA/NAREIT (2011) "A real estate investment trust (REIT) is a publicly traded real estate company that owns and may manage investment-grade commercial or residential real estate. REITs provide investors with a liquid and cost efficient way to earn the investment returns typically available from direct real estate investment.
To qualify as a REIT, a real estate company must satisfy certain requirements set forth by each Government legislation, including the yearly distribution to its shareholders of at least 90% of its taxable income. In return for distributing most or all of its taxable income, the company pays no corporate tax on the distributed income. Non-REIT property companies are those which are either domiciled in countries without REIT legislation or have chosen not to opt for REIT status".
September 2011 period and incorporates 5,640 daily observations for each asset. All data are expressed in US dollars. 
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Evaluate Forecasting Ability
indicates the probability that   indicates the opposite. Table 2 provides the average 10-day-ahead 99%VaR results of the Diag-VECH model under the Normal density function as well as the results of the backtesting tests.
Results Analysis
For the four real estate indices (UK, German, Japan and Singapore) and two stock indices (FTSE100 and NIKKEI225) the backtesting results indicate that either the VaR is overestimated or the VaR violations tend to be clustered.
Concerning the Diag-VECH model under the Student-t density function, the 10-day-ahead 99%VaR is accurately estimated for all the real estate and the stock indices (see Table 3 ). [Insert Table 2 about here]
[Insert Table 3 about here] 
for normally distributed t  . In Table 4 
VaR
( 1  is expected to be statistically significant due to the high autocorrelation of volatility). Interestingly, for 13 of the 14 indices, the lagged value of the local correlation between stock and real estate indices provides statistically significant explanatory power in estimating the 10-day-ahead 99%VaR. Only in the case of the USA real estate index, the VaR estimations are not influenced by the local correlation between stock and real estate indices.
[Insert Table 4 about here]
Concluding Remarks
The we proceed to the efficient estimation of 10-day-ahead 99%VaR for real estate markets together with stock markets of seven countries across the world.
Concerning the time-varying correlations between the local real estate and equity markets we find out mainly high positive dynamic correlations between the real estate and stock price indices for all the countries under study. Future research could examine if there is a structural break on the specific dynamic correlation for the above mentioned markets, which may be caused by the recent global financial crisis. Figure 1 . The daily log-returns against the 10-day-ahead 99%VaR metrics, from the Diag-VECH model under the Student-t density function. 
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